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Abstract of JP2002015985 

PROBLEM TO BE SOLVED: To provide a balanced system which is easily expanded for multi- freeness, while 
being used for various drive mechanisms, for absorbing a reaction when a mask or board table is driven, which is the 
main cause for vibration degrading precision of a lithographic projection apparatus. SOLUTION: On a guide surface 
4 on a base of the projection apparatus, a non-friction bearing 3 provides free support for translation of a balance 
frame 2 in X and Y directions, as well as rotation about an axis parallel in Z-direction. A positioning system 10 of a 
board table WT, which is an H-type driving device, is provided on the balance frame, to which the reaction arising 
from positioning action of the board table is transferred directly or indirectly. The mass of the balance frame is much 
larger than that of combination of the table and the positioning system, and the reaction at positioning is absorbed 
easily. Since the board table is located at the central opening of the balance frame, a difference between levels of both 
3iass centers is reduced. 



Claims of corresponding document: US2001006762 



. A lithographic projection apparatus comprising: 

n illumination system for supplying a projection beam of radiation; 

first object table for holding patterning means capable of patterning the projection beam according to a desired 
»attern; 

second object table for holding a substrate; and 

projection system for imaging the patterned beam onto a target portion of the substrate; and 

balanced positioning system capable of positioning at least one of said object tables in more than three degrees of 
reedom, the positioning system comprising: 
t least one balance mass; 

earing means for movably supporting said balance mass; 

oarse positioning means for positioning said object table in first to third degrees of freedom, said three degrees of 
-eedom being translation in first and second directions and rotation about a third direction, said first, second and third 
irections being substantially mutually orthogonal; and 

ne positioning means for positioning said object table in at least a fourth degree of freedom substantially orthogonal 
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[0020] ¥iB*-^3W»*»iiri*«. Hig»i£«2; 
JtoT, ^lfe«fc^2^|6i^¥«j®4^mSf^&. 

t'-A±£X;frfafc:|Bi&U ^coXb'-At^f— ^ 

Xf-^ 857H) fclHMttidRftW- 

[002 1 ] KSSUrctL *flpr-7Jl'**a£l*C 



&cox\ mfcT-yji-zQWz&mzit&KMz^m 
[0022] ¥w*-^<?wa»e?±tt, Mmim&zm. 

3 *m tc t Wttfc i: tf/a l is J: t«& 2 ^rifijtfD- 
o4Jt«ll*^)ffl0fc:lHlK"C*-r. -Hx#3J2LboSii 

<W«S«*ti. *tf)^S4"k£3fS 3 # r&Hcifijtfsx-:/^ 

[0023] i«fW8tf53e'5r&JB«fcJ:itHr. : SSCS*K 

«t ZSZ <7V n° ^ - y -ft L !fe f- A Sr C coa^iO @ glgfcfr± 

m%is^j±*&^xim&m& t-A s amw-sx 

- LVi t'-A £±K»K<OB«»#±fcSU!«-il 

st«to-cmi^^L^3gssT, azxfwmsLWk 

[0024] I co^bj fc j: jyy/77-f £U^C»« 

y f V7h<-?«J:o5r, a^cD5t!ifil2r^ft^.^t>*niX 
fcv\ StBf*. fffilf. ^tt}f*^-^ (PE 

B) . ilffi. ^^H^-^*$J:V«MI»R««oaK/«aE 

Ltzmit. mz. x-y^-v^. -f^j-yiiA ( F-f y 



T 



fc^rtf^d. TX-fx^TWaWHR <*7x^) 
t±. fflxif. b— ? • ■ ^fybco "t^f^ofvr 

b/UfflRgiL 1997^. ISBW-07-067250-4i:^d**^ 

[0025] <i<7)BHiKe#-c 1 c<7)wmizwr& zozm 

«" fccfcV "BUM" T«^^ixl»i:#x.'g.^#T 

[0026] #;£#T-{4. &gittSttK& itfRgBBb'-A 
kV^ffl»*«i^8a«l 365nra. 24 8 

nm, 193nm, 1 5 7 n m&tzli 1 2 6 nmCDjfcR 
(0) . EUV, Xig. m^fcitM^-y^tf&^S 

[00 2 7] i^HIBSrJsrrKX, YfcitfZWcXcJ 
[00 28] 

[HJfcflU] 01(4. C<0^aj(c4^';V2?'7 7-fJil^ 
£E£«P&W£*r*\ ;*>£!W4 : 

JfcS*& (M*t4* „ UV3fL<»4EUV«L x«L 

Scl^^XrALA. I L ; 

jEmz&m&>-r&tz»b<?>m 1 iitmm>^mzn&zti 
suw p l izm lt jEatfiaKWrr & 2 

WT ; 
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C±t;^It^^«i/XfA ( "U>X" ) PL 

(4. Wittf, KJH®"CiJ:l\ 
[0029] ^£7)JfcftfH^7 t A{4. SdHMW>tf-A£ 

^L<(4>-^^nhcj yolf b*- A^i&l&cojg 0 
^7>y^^^. i^(4m^L<(4^5j-yb'- 
J±M) Sr#tf„ .KOb'-ASriWRgB^^^AI Lt-t- 
^wifimHu t-AjfcJKMeSSRE 

[00 30] t'-APB(l <£t:\ VX^^-^HVIT 
±Az^X7*)VyX'm$Z1\tc:~?X7MAZWi®h. v 
X^MAfrffliiLT*^. b— APBJ4. l^yXPLS: 

sw*. TMt^eay^iai F*jj;t/i£o^2{ig^ 
m&h smuttc z b-AP Bwtmiz&m.'tz i a 

MA2r^X^7-fy7'J^^Wc^LT7&^. i 
com 1 ea^46#S5-^->T-7X^M ASrb'-A P BCD 

tmizm Lxxmizmw-t& z t s . -«wfc. 
fettf-T'/miT, wtcoj1»i{4. lai^^L^v^ 

[0031 ] H*-r-S»^®4. -ocop^r^*- H-Cffi 

aaiawi-c ^ b-A p b tmarr * * J: a tc-r* : 
7 -vis*.- x-immv^nk^m^x. *mmzmt 

I*]) CiSJgVCf&##T. f^lWh'-APB^X 

•eti ^ t ibi t & fcimmjftizm&v =mv x-mfrz 

tl. CCDMttUyXPL^ (ftSWtlis M=l/ 

4i^4i/5> xhh. zcomtzLx. imw±$^ 

B9m»Ci^ MmLlZ^\\X$:®itZ><Zmi:<. ®& 
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[0032] i^ifflit zcr>%m.<r>U&Z3&f~t&tz 

It^fiail^S I FOi 5 frtifflttryif 
»^^-^7U-ABP*»iS,llMfiWfc:ieiftL^aBll7 

[00 3 3] H2<i, 3a*fltr«T«*tfc^-rfc«> 

[00 34] i^ftlHttW^ne^f-Ati, 
A2 £*tr. inf>^i)|j|*S3ll 0| 

*j±\ ?^s?jEttg* tzimnsmmt t:\imsmftv 

l^-Ac7)Tffl!J^I*Iffit^ffl-rs J; d (C LT *> i lr §g 
l*l®4 ii, lOgliOitftCfsict'S X Y^BCffft 

U MtXtZ^rrnj^fir^ifO (R 2 ) iz&tklzmm 

[ 0 0 3 5 ] H3 C^ffigj^xXr^i 0(2, 

- fciw-pi*. ~^>o®icf„i:^aii:gtisifB 

[0036] zcr>®m.w>*/xrM&. mmmmzn 
x. hmmi) test Lxftm-t&KTj&im&mt tiitmm.to 

7-Mzm.ttiftz? -< /ittzitT-^^T^mt. zti 
[ o o 3 7 j m3i±. tiLmmtbisXT-j* 1 ot^mmnm 

SlOti, ^<7)m^Z\^<7)i5.<i^tL^iX.(7)X7^ y 
12a, 1 2bt=BWtW-fcXt*-.i,l 1 ^-f 



ri2a. 1 2b«\ 3©^Fffi7U-^2<7)«ja2a. 
2 b taRftJtJfe, M£lTO51tiI 13a, 1 3 b 

tT^ffl-rsu^r^-^cor-^f-iT^ffl^L, x 

t'-Al l £Y#|tiHcM»£-£&. ftB&#>-r^#!fej 
ft, C^^xyN-f— /^WTJ, Xb'-Al lCI 
ft tt 5g=Sr £ x 7 4 y l 4 i -o x X Y ^FffifiEiH- 
X7^f^l4ll X5-f.**l 2a. 1 2b|ll« s X 

t'-Ai i teKftttfcaEBnai i 5(cf^jB-r*>t«>^)!; 

WXb'-Af;:^-?TMji£-£, tfcoT^x^-f-TVt/W 
TS-X^lcfag^f -S. X^^l 2a, 12bO 
{3B^M:£$#pa*X t'-A 1 l b Zcr>¥ffi7 V— Acoffl 

ofc-fS. C Ofcabii £ X/Z cr>^ffi 7 U~ A t,zW> < ^ 

RzS-|6jc7)K^ii:^®7^-A2ti^^^^^. X 
5-f^l2a, 12bii X^<0S7jSr^«7lx-A 
2M5x.i»/ca6C i F^7l'-A2(c:ig(t7t:i£3iM2 1 
a. 2 1bt»Lt#«n^if 16a, 16bt 
ffl^-Ti.. X^(&F£7)7]€rf5^-^,^«01*tc7)X5Xh 
iSl6a, 1 6 b <7)ft 0 0iJ^tf , 

<r> — oizm^xii^K. ztuz^ y.yz~^ifi^Ss7U— 

J±2.bmm.X*%\^b% , 3-9">fy^tcJ:SI^W2r®tt 

[0038] 0*t-S J: 3 i^a^ft^X^ASr 
*m7V- AtcJ;-5TZ^rSltci)J:t» r Rx, Ry0tet2 

VY^JSI<0R7J{±. XYTBfCM (4fcl±3'f;i/) « 

mi. xYTMT-cico^ffi^^-Ao— nzm 

%wiv>^mz£-?xz(vmM^-x±.x'z. Rxfeii^ 
[0039] %mmm#, c^^xAf-y^wT 

*> : 



[004 0] 

*i(0 _ m 2 
x 2 (t) m, 

[ o o 4 1 1 fit , xi(i. *tmcom&*Mzm-&m 

& i <7)$g&X*fo *) , mi(4, M&i<vnMX'$>&<. Z<7) 
II Xt'-AlUYX5^ff 12a, 12b#Y2r|&J 

dc^x^x-TOi^, X;fr|fq(c^fi^- £££>(;: xt'- 
Ain:SLT»<. **uc, Y^inj^fa^iMMl 

M(4, ^XM-r-rA-WT. XX7^^14, Xh'-A 

m%< xjjfa(D$zmzfflLxte. mmmmm^ 

xy^-r^WT t XX7^f ^ 1 ACD'g&.tinX'h 0 , 

X b'- A t YX 5 *'#-e?>ft 0 (C¥«f«*<7)-gP £® 

j£-f h . X f- a & i Y x ^ ^^'•7 x; \r- 7VPW 

T^«tixxx5'fri4i:?a(Rc7)«*$-^-r^oT% ^ 

*U4.r <W&na.ktt 0 coHSr^-f & - i: S . 
[004 2] C^^7 l/-A£f5H&#>^7.^A£0ia 
-£ir£*:^i&e*4: 0 5 =5:^ L 2 0 fgfi < -t €> ,1 fc (= J: 
-?T, Tffi^-AcoilttiEHSrjqjfiiiJL, -KOT^x 

^A<7)^o^aH«^iioii o (cstuus-r & ^ i: **t-# 

[004 3] fcU {5«^>+. Cl<7)f®7l^-A«f 
X £ fc(4 Y^T[fi]-Ci 0{4ffi^Sia(0-00« 

%<m<7)M'?iz'?tiMm%&£oiz%&ztrf&z>. as 

m, , u, (t) + m 2 ,u 2 (t) = m,,u, 

[004 7] fit, 

<t) 

(4, mi£mm&izm-&B?fmtx°cr>xY¥-M<,zmi-r&M 
&i<r><?Y))^zm;hz>* smttz [2] 

X ) f5S^jffl^L3tfaBcor50i^llfi-^2r^»^XxA 
3 3K-5-*., *ft* i '¥«:7l'-A2^<D®ii&ME7J£ 
JQXS. ^c^^^-AfcitX/jfc/^^K^-XO 
gf&^Jl^- K(4, IWH'J "7 hSSlHWi'XT-AO-?--*; 

[0048] C<0¥Sf 7 l^-Ac7)^mffffi|na«J^S/h 

^#H5gss&s fusft-fe'o) c:igj£-ri>. § 
»w(fiaii.{f, Yvyhmmkmmiz. zcomm 
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ma 

[1] 

faa^)iEWj^a^?ij^a. m%3<?>m>mn 
oMmmmmm ( h u 7 h > ^ant*-* i a tsivc 

& . JaTJc8fflW*S8»W K 'J 7 hftJfflJ^XxA<7)ft© 
A£f£oT*>«fci\ 

[00 44] 04(4, ±tfaLitt-#y^fA3 0 

<mwv-?zm-. zcowMyv-Mzm-t&sm'g. 

*OX, YfeiVRz»3&a*»aM»3 10jE7Jjfc« 

©JffllSHi. 3giJKT^f-iX-^^XxA3 3$rSiJffll 
U '?-tt^^l i «f7l^-A2^ i a.^MiE^Jii^S, $ 
3££|3 l<7)mA7J^OMjii4. ff71/- Afcit^felB 

Kj«*ofia^ao^r s , ^ s sssos^xxa 3 4 1 

iotW4. TtS7l/-Afc&|^M*<0W7J?)<ia 

y 7 b x T*v ~\ — K"7xTtC <t r>T*fe^{4Sx- ^ 
lz$mt&ZbtfX"£&. 

[0045] t-*i/^fA 3 0<0|g^{i. fiB?fc#> 

mst^-m? a 2 cotton**** 1 x Y^wc-^ 

4»^v^*T'S>SC:i:Srf*IE-ri» i7t=^^». dix 
(4, <?:^f*$-^i62» : 

[0046 ] 

[&2] 

(o) + m B ,Ht(o) [2] 

±^s*-^ > h s-^/jN^-r-s.^^tfSiSiiiiT' ^ )v 

[0049] 05(4, ic7)^l^Sfef?y^l^{=«kS 
K';7h#JW1^^X-rA3 3a£^-r. C^yXfA 
{4, Hocr)a-^>->y (7J) SU-Tt-^ (Wilf. 
^X3^;R-^, •Wrt*«U-T*-^*) 3 3 
1, 3 32, 3 3 3€r^-tf. HoOT-^^Io3 3 
1, 3 3 2<4, Mitf, X^T|6]^fflt, ffi<7> 

^•(Sl, Witf. YSr|*Ffcn£<KIBIL-CV^. m3^- 
^33 3(4, fti!<7), f?!|^(fY^r|fiI(C, ^OTSf7l^-A 

x\ tf*m 7u-m.2coz cr>mmi]p\<7i&.mzm 



t 
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[0050] Ho<ofgi&§£B&M o ±mmm&. *sm% 
xz-cr>~7 v-hm*<nmf zmHz-t h cvx-m ix-b 

1113 34a, 334b, 334c, 3 34d£^V> 
Cr-rrf oEB LT , Hoob'- A 2a, 2b, 

2 c , 2 d co^-^-eno— o^tffio— gt-r s *j £i& 
^yMU-rt-^-ekiw se^ft#iS(i, #*x 

[00 51] ig»^ffi3 3 4 (7Xm&* , ffl!lffiH-e&& 

07, fciixiay^i - 1 izk&mmmxfo&matz 

^-f. IB»)ilS3 3 4{i, <-x£*;(4mt)£7^-AB 
P(;lDlWt43j:tXllIte-iiD^aiJ>^^3 3 6(Cj: ->X 
*r&71/-J±2tzm&Lfz\3im;V-UyV*:-? 3 3 5 

S3 3 6(4, *-?3 3 5cr>mMn3 3 5 a(cL->^0 

bmttifR-z>m'bLxm*mtzv>3 3 e b^^rran 

^3 3 6 a fV3 3 6b{4, ff7l/-A2C 

JR#tt^r^7k-A3 3 6 e fc^-T-S -00^1^3 
36c, 336d<DfliWl£:j£-<r\ ii*§7P-A3 3 6 e 

14, $b*<, z.<r>*m7v- Mznth^-n^mjj 
mzmmx\ -mmzwrntfcmx-foz, „ -e^ti, ^ 

336 c, 336dS-ffl^, #«^|6)tSBlgS3 3 6 
g, 3 36fcr>Ztl?ticr>-~?ti%ar^-&. BOT3 3 
6 f (4, f«7k-A2^S-^, mfiS336g 
(4, ^hSrrSK,, -eilti-it, t>L, t-^3 3 5^ff 
t6tTR«3 3 6a^lll8-Ci^U-^r|ni(;[II«K-ri>i:, i£ 
«*3 3 6c(4, ®3 3 6g£;Eii$-£4>iX, ¥$$71/- 
J±2l,zttW&3l*lMt& . |Il«(C, R^3 3 6atfOH 

[00 52] 0!£-iij||jg§&^M3S3 3 6(4, H*Wfc 

ti. trtix' h D ^ hftmmm £■ &a*- h ti*St < tj* 

-H"C^ffCS4. ¥«J7l'-A2<7){aB(4, P3^3 3 
6atCig{f/clHlKxyr7-^ (H^e-f ) $r^LT#ia 

[oo 53] m%&im\ i >)7hfflfflisXTj±z. *m 
a ig»us*?t 337 tfo— ^(Dt/kkmxh tmio iz^-t. 

fBMtSW3 3 7(4, ^<*>tf#«y he^fcM^LfcZlo 
K««*»4.|R* S WIS ""Mscar 



i^ySWW?*—* 3 3 7 b(~ iotC i^TIBKiS 
*l&?7y?3 37 afci^-IiO;?^^ 3 7a«0S 
£iftil<?)tr ^ y h h°>- 3 3 7 b {c<S^-& ayn </ h' 3 
3 7cA^«S, K^?^E— :?3 3 7b(4, 

[0 0 54] 119*541X01 0^)PJ7hffiyXfA 
(4, 3giS«DT«7l^-A^^Jp-r-l.^t(4Ho^ 

[005 5] ¥Si7P-A2<7){aai3j;^^(4, ^E- 
* 3 3 7 b (OlEljW^tt^lHUKXyn-^ J; 

SLTti^, rvy-rftfrbmtfihzttfxzh. <r 

<7)X, Y, RzffiS(w^-rs^a6; fcJ:t^i,5— o(4 
$JJfPilS3 2(Ci-3r«W)Jt*^IEB»*-^3 3 7bffl 

[0056] ±12(04 5 (C, ±(C^ H 0 7 hfflW 
1S(4 , KIR* fc(4®«ira&»«fcffl&A,*f iHSil fcii 

nngea-fe>-^sr^T't 4i-»„ -ecofto^. ^ii^ia 
&K®.S!&imiii&*&i->xi>£\,\ ^ip^f 

A(4, X, Y, RzSIt^Tl h^mm^ 5: WT?. 
*»«»Jaih.-r, *^(4 :E F«r7^-A±02jS. *?4L<(4 

ttftmmzmfo^&ft&xYim<vmLv>mmm$:mm 

7U-Mzm~h, ttzimmmmmx. mmmmm 
7u-Mziitt&3m7u-j*2<7)imzwm~t&fr : t> 

[0057] X7-*c®,c0%^(3, ff7P- 

A2*5liJ|AH'j 7 h-ri.co€r|Jg<*^(c, X ho— 

^(tTi.4^., -e<7)4 a^ScoCT^, W7l'-A2 
OTgPSr51^Bf®2r^-riaT'^>-&iai KC^-T, icol 
at'(4 , 3 ^CT> f y 4 0 7 V — A B P <TM^M 

4*»4>±*fc:semL. <Ic7) ;s m7l^-A2^gH3Sgxav 
h4 1 tjI-£-f!>. dft^fDXo-y h4 lfc4tJ f t' , y4 
0(4, 3 F®7^-A2co31iJj5rX, Y^4tXRzr^i6 

^fL^>c7)b->-4 0(4, mm&m&tz. z<?>¥m7u 

-A 2^®«$-^n-rSJt*!)t=»ttW*^(4(4*fe*^ 

U— A 2 t)23ftth tV*>X-^ 7 A B P WD 
>y h 4 o 5r, 3H&^W(=:3»<Ofl|ji!cfc LX i>£ 

[0 0 58] .tU M*(F>T'7+ J -^-9<7)Wtom±%) 
, C Ofi][a^«>ilS*3 4 tPP«r 71/-A2 tfO^**^^ 



tfmtXYWWft tc&£«fc o CE**"* i bi)<*imX'% 

♦mar. ci^^^ y hrf^fflf -s-igiftA^. ^u^e- 

MVbTx, Tyli K-X7l/-ABPt^^, 

[00 5 9] ®.->X. TS7U-A2*|«3fc*in 
£MWS*>tea<r X. YfeJctfRz^ftco 

A±-C{4^ <^7 1,- AiiK^rtK 4 (Ci T Z . 
Rx, Rytc3dt-TI.^^(f. §g|*lffi4£lS{«rr&<- 
X^U-AgPtf^Z. RxiSit/RyJBcOgf^Tgff:?^ 

[0060] 

tUtTtiW £<^H*>IIS2|(9i«tf>. SfljC^-T - 

$ri*J»*-.X4 0 7#^x/\^-://PWTffl^|*iB£^ 
i£U £±flffi4 0 8W*mmMi4 0 6cO«S4"l>£± 

IZ6 &&%T^ft^Zfflim<±LW.m>WM4 1 7 

-:/^WT£g?F*iflS4 0 7J:£»j{t&J: 3fc-t&. 

[0061] z\<r)mffi.T-7>uwT<7)mmiz. mm.mm 

tbmmizx-yxinbixh. ziil±, xt'-A4 l 5£-ir 

t£-?T ltf-7';PWT £ Y^rfatcggtM- s t^<r> 
i^u-r^-^<7)Mit^^-&tfX7-f ^4 1 1 zmmz 
■%-rhxwmms. im^tt) iz£~>x. axx/zcox 

t - A tf5*f rtrt-* ttfc: R z "CSSr * * Sr Jni & i fc t J: 

oTB»s/i«. ^fL^oY^u-r^-^oxT 1 - 

* 4 0 9 fr'^till* 4 0 6 COW ICS WT & & . £ <0»g 
^-r;^S»*^coY^-r6ifcJ:tXRS73J4. .Ico«Kc 
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XvAVA 1 1 t¥tli««:4 0 6CO{llil4 0 8<Of§]cOfill 

[0062] mm.y—zTfi'WTifiwmnAA o 6^- 

7,4 0 7±£*p<J§;h.4aOT\ tttMttaBfe#>«lttl4 1 7 
tCj:i,«^WTC0^fJEE-ri>3IWlA^OZ. Ry. Rxl 
atBSPWWUU 0 6^X^S, XfcJ;tfYlB» 

-fSflSMjMSTx. Tyi>^ 7 h4 1 

-T*—?cmm*ft lt¥S&«*4 o 6^mt t>ix 
h. 

[0063] ¥8rft*4 0 6#6 &fk!g£:XX'C\tlt>co 

Kfi*mzx'%&z:oi<z^&fzMzi^ *tvtfi6&&& 

*4 0 3, fciZ/ ;s P«j®a:4 0 6C0Tffi-CS{t^m>ll 
«6^^H^«liS4 0 5 tc J; oTSKfl. ZtiZX^ 
xmf&t&. ^C0¥M44 0 6c0T®{4. 

o 6ti. ssf-7'^wTj: 9 sane #u 

af. 53r^Ll0fg. fil*ZrC\ ¥«f«*4 0 6C05H& 
ttBBtt . »Ef-^WT<offlWWl J: 0 3i*»tc*$ v ^ 

a . 

[0064] 

[HSfi^l3] S13ii, ±fc»WLfc*l*fct±fl52S* 

[0065] ^com3HJfi0iJ-Cii. ¥S5«*S:~ocogB 
^506, 5 0 7K:4MWr*. -I <7)|g 1 ^FW«*SP 5 0 
6 {4. aKT— 'T/lrWT*|Btrfe»7W'-A?fc-frtr. C 

com i 5 0 6 co*r i&j-r -sfisfflii. -eco±^ y 

^ritl'J-r^-^co^-r-^. ^Jxif. «EttabWR# 
ttT?>l.. ^COY^U-T^-^COMJlSff. ^J^if. 
n^;P3&iXf-i»5 1 5C0M^T'X7-f^'5 1 1 t^lXft 
ftT*^.. dcoxt'-Ati:, XU -T^E-^COX^-^ 

z\cr>Kv-T^-9b^zm{mm>Wtmzmm- 

& N Y^^r^-^^^COYfcit/RzR^ti. 
l 3 F-««*g|5 5 0 6MEJt^iX. X^ctti. X^XhfS 

jizmm-&tz#>iz . i ^«»gi5 5 0 6 ^^i«wic 

*S^cOttg5 0 5. flttlf, ^ttStCioT^ 

t. -e*u&«x, Y^j:?/Rztc»<iaic-r^« 
[0066] m2*mmmM5 0 7it, mnrnzwo. 
a^x-r^wTcoTicKg lt h h . -eco±® 5 0 8 

fi§5 1 7tCj;|»^xy\W£0^t!l*^cOZ, Rxfcit^R 
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<o*2¥1W(*«5 0 7tt. zs-j*ifc:fi|||tt**^-*a 

St*>£&flc 5 0 3 tc Jt -> T ^-7. 7 U— A B P 
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1 Title Of Invention 

Balanced Positioning System for Use in Lithographic Apparatus 
. 2 Claims 

1 . A lithographic projection apparatus composing: 

an illumination system for supplying a projection beam of radiation; 

a fine object table for holding patterning means capable of patterning the projection 

hen m according to a desired pattern; 

a second object tuble for holding a substrate; and 

a ptojection system for imaging the patterned beam onto a target portion of the 
substrate; and 

a balanced positioning system capable of positioning at least one of said object tabled 
in more than three degases of freedom, the positioning system comprising: 
at least oce balance mats; 

bearing paeans for xnovably supporting said balance mass; 

coarse positioning means for positioning said object cable in first to third 
degrees of freedom, said three degrees of freedom being translation in fuse and second 
directions and rotation about a third direction, said first, second and third direction* 
being substantially mutually orthogonal; and 

fine positioning means for positioning said object table in at Lea*t a fourth 
degree of freedom substantially orthogonal to said tot, second and third degrees of 
freedom, said coarse and fine positioning means being arranged so that reaction fnrces 
from said coarse and fine positioning means ate channeled to s aid balance mass; 
cha cactenzed in that 

said balance mass is supported by said beating means so as to be substantially 
free to move in atleast said fourth degree of freedom. 

2. Apparatus according to claim 1 further comprising a base plate having a guide surface 
extending parallel to said first and second directions and wherein said bearing moans 
a>mprfecH a plurality of substantially fnccbnless bearings beating on said guide surface end 
connected to said balance mass by suppotts having a low snffirceas in «ftid third duueuon. 

3. A pparatus according to claim 2 wherein said bearings are selected from the group 
comprising aerostatic bearings, hydrostatic bearings and magnetic bearings. 
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4. Apparatus according to claim 2 or 3 wherein said support? Me selected from the grouj 
comprising elastic springs and gas springs. 

5. Apparatus according to claim 1 further comprising a base plate having a guide surface 
extending parallel to said first and second directions and therein said bearing means 
comprises a plurality of low-stif&icas substantially fricoonJess bearings on said guide surface 

fi - Apparatus according to any one of claims 2 to 5 wherein said balance mass comprises 
a generally rectangular frame having its sides generally parallel to said first and second 
direction. 



7, Apparatus according to claim 6 wherein said generally rectangular frame has a central 
opening and wherein said object table is at least partly disposed in said central opening, 

H- Apparatus according to claim 7 wherein said object table has a low stiffness bearing 
for supporting said object table over 9aid guide surface. 

9. Apparatus according to claim 1 wherein said balance mass has a guide surface 
extending parallel to said first and second directions and said apparatus further comprises a 
banc having substantially fnctinnlesB bearings beating against said guide surface and supported 
from said base by supports having a low stiffiicss in said third direction. 

1 0« Apparatus according to claim 9 wherein said balance mass has a further guide surface 
substantially parallel to said guide surface and said object table is provided with a substantially 
frictionlcss bearing bearing on said further guide surface. 

1 1 . Apparatus according to claim 10 wherein said coarse positioning means comprises a 
beam extending generally parallel to said first direction and a first drive means for driving said 
object cable relative to said beam in said first direction and second and doird drive mean* 
connected to respective ends of said beam for driving said beam relative to said balance mass 
in said second direction. 

1 2. Apparatus according to claim 1 0 wherein said coarse positioning means comprises a 
planar electric motor having a stator mounted m said further guide surface of said balance 
mass and a Translator mounted to said object table. 
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13. A p partus according to claim 1 whexein said balance mass comprises first and second 
balance mass parts, said first balance mass part being moveable in said first to third degrees of 
freedom and said second balance mass part being moveable b said fourth degree of freedom. 

1 4. Apparatus according to claim 1 3 wherein! 
said apparatus comprises a base; 

said first balance mass part comprises a generally rectangular frame surrounding raid 
object cable, said first balance mass part being supported from said base by substantially 
fticdonlese bearings and said coarse positioning means acting between said fi»t balance mass 
part and said object table; and 

said second balance mass part has a guide surface extending substantially parallel to 
said fim and second directions and is supported from said base by supports having a low 
stiffness in said third direction, said object table being supported over said guide surface by a 
substantially fricdonkss bearing. 

15. A lithographic projection apparatus comprising; 

an illumination system for supplying a projection beam of radiation; 
a first object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate; and 

a balanced positioning system capable of positioning at least on of said object tables in 
at least three degrees of freedom, the positioning system comprising: 
at least one balance mass; 

bearing means for supporting said balances mass so as to be substantially free to 
move in said three degrees of freedom; and 

driving means for acting directly between said object table and said balance 
mass to position said object table in said three degrees of freedom; characterized in 
that: 

said balance mass comprises a generally rectangular frame having its sides 
generally parallel to said first and second directions, and a central opening in which 
said object table is at least partly disposed. 
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1 6. A lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection 

beam aec« >rding to a desire d pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate; and 

a balanced positioning system capable of positioning at least on of said object tables in 
at least two degrees of freedom^ the positioning system comprising: 
at least one balance moss; 

bearing means for movably supporting said balance mass; 

posi tion i ng means for positioning said object table in at least first and second 
degrees of freedom, said tint to second degrees of freedom being translations in first 
and second directions that ate substantially orthogonal, said positioning means 
comprising coarse and fine positioning means and being arranged so that reaction 
Forces from said positioning means are channeled to said balance mass; characterized 
in that: 

said coarse positioning means comprises a planar electric motor having a 
translator mounted to said object table and a stator extending parallel to said first and 
accond directions and mounted to said balance mass. 

1 7. Apparatus according to any one of the piccoding claims having more than one first 
objeer table and/ or more than one second object table wherein reaction forces to drive forces 
for positioning a plurality of object tables are directed to a common balance mass or masses. 

18- A method of manu factuiing a device using a lithographic projection apparatus 
comprising: 

an illumination system for supplying a projection beam of radiation; 
a first object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate; the method comprising the steps of: 

providing a substrate provided with a mdktfon-sengitive layer to said second object 

cable; 
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providing a projection beam of radiation using an illumination system; 

using patterning means co endow die projection beam with a pattern in its cross- 

rtcction; 

projecting the patterned beam of radiation onto target portions of said substrate; 

wherein during or prior to said projecting step at least one of said object tables is 
moved in first to third degrees of freedom by coarse positioning means and in at lease a fourth 
degree of freedom by fine positioning means and, during such movement, reaction forces in 
Kiijd first to third degrees of freedom are exerted on a balance mass; 

characterized by the further stop oft 

channeling reaction forces in said foutdi degree of freedom to said balance mass. 
1 9. A device manufactured according to the method of claim 1 8 
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3 Detailed Description Of Invention 

'I Tie present invention relates to balanced positioning; systems, such as may be used to 
position a moveable object in at least three degrees of freedom. More particularly, the 
invention relates to the use of such a balanced positioning system in lithographic projection 
apparatus comprising: 

an iUurnination system for supplying a projection beam of radiation; 

a first object table fox holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

a second object tabic for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate. 



The term "patterning means" should be broadly interpreted as referring to 
means that can be used to endow an incoming radiation beam with a patterned cross-section, 
cnrrespunding to a pattern thar is to be created in a target portion of die substrate; the term 
"light valve" has also been used in this context. Generally, the said pattern will correspond to 
a particular functional layer in a device being created in the target portion, such as an 
integrated circuit or other device (see below). Examples of such patterning means include: 
A mask held by said first object Cable. The concept of a rnaalc is well known in 
lithography, and its includes mask types such as binary, alternating phase-shift, and 
attenuated phase-shift, w well as various hybrid mask types. Placement of such a rnaslt 
in the projection beam causes selective transmission (in the case of a transmissivc 
mask) or reflection (in the case of a reflective mask) of the radiation impinging on the 
mask, according to the pattern on die mask. The first object table ensures that the 
mask can be held at a desired position in die incoming projection beam, and chat it can 
be moved relative to the beam if so desired. 

A programmable mirror array held by a structure, which is referred to as first object 
table. An example of such a device is a niatrk-addressable surface having a vtscoelastic 
control layer and a reflective surface. The basic principle behind such an apparatus is 
that (for example) addressed areas of the reflective surface reflect incident light »s 
diffracted light, whereas unaddressed areas reflect incident light as mi dif fractal light. 
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Using an appropriate filter, the said undifltacced light can bo filtered out of the 
reflected beam, leaving only the diffracted light behind; in this manner, the beam 
becomes patterned according to the addressing pattern of the maoix-addressable 
surface. The required matrix addressing c^n be performed using suitable electronic 
mean*. More information on auch mirror Arrays can be gleaned, for example, from 
United States Patents US 5,29(5,891 and US 5,523,193, which ate incorporated herein 
by reference. 

A programmable LCD array, held by a structure which is referred to as first object 
rable. An example of such a construction is given in United States Patent US 
5,229,872, which is incorporated herein by reference, 
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct 
itself to examples involving a mask; however, the general principles discussed in auch 
instances should be seen in the broader context of the patterning means as hereabove set 
forth. 

Tor the sake of simplicity, the projection system may hereinafter be referred to 
a« the M len*» ; however this term should be broadly interpreted a* encompassing various types 
of projection system, including reftactive optica, refiective optics, and catadioptric systems* for 
example, 'the illumination system may also include components operating according to any of 
these design types for directing, shaping or controlling the projection beam of radiation, and 
such components may also be referred to below, collectively or singularly, as a "lens". In 
addition, the first and second object table may be referred to as the €S mask rable" and che 
"substrate table", respectively. 

Lithographic projection apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate a 
ciircuit pattern corresponding to an individual layer of the IC, and this pattern can be imaged 
onto a target portion (comprising one or more dies) on a substrate (silicon wafer) that has 
been coaicd with a layer of rndiationsensitive material (resist). In general, a single wafer will 
contain a whole network of adjacent target portions that arc successively irradiated via the 
projection system, one at a time. In curucnt apparatus, employing patterning by a mask on a 
mask table, a distinction can be made between two different types of machine. In one type of 
lirhogtsiphic projection apparatus, each target portion is irradiated by exposing the entire mask 
partem onto the target portion in one go; such an apparatus is commonly referred to as a 
wafer stepper. In an alternative apparatus — commonly referred to as n step-and-scan 
apparatus — each target portion is irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction (the "scanning" direction) while 
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synchronously scanning the substrate table parallel 01 anti-parallel to chi$ direction* since, in 
general, the projection system will have a magnification factoi'M (generally < 1), che speed V 
at which the substrate tabic is scanned will be a factor M times chat at which che mask table ie 
scanned. More information with regard to lithographic devices as here described can be 
gleaned, for example, from US 6,046,792, incorporated herein by reference. 

In general apparatus of this type contained a single first object (mask) table 
and a single second object (substrate) table. However, machines are becoming available in 
which jfam are at least two Jndependendy movable substrate tables; see, for example, the 
tnulri-stege apparatus described in US 5,969,441 and US Serial No. 09/180,011, filed 27 
February, 1998 (WO 98/40791), incorporated herein by reference. The basic operating 
principle behind such a multi-stage apparatus is that, while a first Bubstrate liable is underneath 
the projection system so as to allow exposure of a first substrate located on that table, a 
second substrate table can run to a loading position, discharge an exposed substrate, pick up a 
new substrate, perform some initial metrology steps on the new substrate, and then stand by 
m transfer this new substrate to die exposure position underneadi the projection system as 
Boon as exposure of the first substrate is completed} whence the cycle repeats itself; in this 
manner, it is possible to achieve a substantially increased machine throughout, which In turn 
improves the cost of ownership of the machine. 

In a known lithographic apparatus, the drive unit of the positioning device for the 
substrate table comprises two linear Y-motors each of which comprises a stator extending 
parallel to the Y-direcrion and secured to a base of the positioning device, and a translator 
(Y-elider) movable along the stator. The base is secured to the frame of the lithographic 
device. The drive unit further comprises a linear X-motot that comprises a stator extending 
parallel to che X-dkection and a translator (X-slider) which can be moved along the stator. 
The stator of the X-motar is mounted on an X-beam that is secured, near its respective ends, 
to the translators (Y -sliders) of the linear Y-motors. The arrangement is therefore H-shapcd, 
with the two Y-motors forming the uprights and the X-motor forming the cross-piece, and 
this arrangement is often referred to as an H-drive. 

The driven object, in this case the substrate table, can be provided with a so-called air 
foot. The air foot comprises a gas bearing by means of which the substrate table is guided so 
aa to be movable over a guide surface of the base extending at right angles to the ^-direction. 

In a lithographic apparatus, reactions on die machine frame to acceleration forces used 
to position the mask (reticle) and substrate (wafer) to nanometer accuracies are a major cause 
of vibration, impairing the accuracy of the apparatus, To minimize the effects of vibrations it 
it; passible to provide an isolated metrology frame, on which all position sensing devices arc 
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mounted, and to channel all reaction forces co a so-called force or reaction frame that ia 
separated from the remainder of the apparatus. 

In an alternative arrangement, the reaction to the driving force is channeled to a 
balance mass, which Js normally heavier than die driven mans which is tree to move relative to 
the remainder of the apparatus. TTie reaction force is spent in accelerating the balance mass 
and does not significantly effect the remainder of the apparatus. Balance masted moveable in 
three degree* of freedom to A plane are described in WO 98/40791 and WO 98/28665 
(mentioned above), as well as US 5,815,246. 

KP-A-0,557,100 describes a system which relies on actively driving two masses in 
opposite directions so that the reaction forces are equal and opposite and so cancel out. The 
system described operates in two dimensions but die acdve positioning of the balance mass 
necessitates a second positioning system of equal quality and capability to that driving the 
primary object. 



An object of the present invention is to provide a balancing systiem that is readily 
extendable co multiple degrees of freedom and is usable with various different drive 
mechanisms. 

According to the present invention there is provided a lithographic projection 
apparatus comprising: 

_ an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate; and 

a balanced positioning system capable of positioning at least one of said object tablet* 
in more ehaii three degrees of freedom, the positioning system comprising; 
at least one balance mass; 

bearing means for movably supporting said balance mass; 

coarse positioning means for positioning said object table in first to third 
degree** of freedom, said three degrees of freedom being translation in first and second 
directions and rotation about a third direction, said first, second and third directions 
being substantially mutually orthogonal; and 
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fine positioning means far positioning said object cable in at least i fourth 
degree* of freedom substantially orthogonal to said first, second and third degrees of 
freedom, said coarse and fine positioning means being arranged so that reaction forces 
from said coarse and fine positioning mentis are channeled to said balance mass; 
characterized in than 

said balance mass is supported by said beating means so as to be substantially 
free to move in at least said fourth degree of freedom. 

The long stroke (coarse) positioning system of a lithography apparatus ts> normally 
arranged to position the apparatus in X, Y and Rz degrees of freedom whilst a abort stroke 
(fine) positioning system provides higher-precision positioning over all 6 degrees of freedom 
(i.c. X, Y, Z, Ra, Ry, and Rx), The positioning movements of die abort stroke positioning 
system can be a source of undesira ble vibrations in the apparatus. These movements are often 
of much higher frequency than movements of the long stroke positioning system and can 
involve high accelerations so that tho reaction forces are large, even though the moving maae 
is smaller. By arranging for the reaction forces of the fine positioning means to be channeled 
to the balance tnass, which is free Co move in at least one additional degree of freedom, 
directly or via the coarse positioning means, rh« present invention ensures that all reaction 
forces arc confined to the balanced positioning system and vibrations in the remainder of the 
apparatus ate minimized. 

The balance mass may be a single body moveable in at least four degrees of freedom 
or may he made up of several parts separately moveable in one or more degrees of freedom. 
I 'or example, in an embodiment of the invention a first part of the balance mass is a frame 
moveable in die first to rhird degrees of freedom («£ X, Y and R>) and surrounding the object 
table whilst a second part of the balance mass is disposed underneath the object table and in 
move-able in at least the fourth degree of freedom fog. Z), 

According to a farther aspect of die present invention there is provided a lidiographic 
projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 
a first object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern: 

a second object table for holding a substrate; and 

a projection system fot imaging the patterned beam onto a target portion of the 
SLibsrratcj and 

a balanced positioning system capable of positioning at least on of said object tables in 
at least three degrees of freedom, the positioning system comprising: 
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at least one balance mass; 

b earing means for supporting said balance mass so as to be substantially free to 
move in said three degrees of freedom; and 

driving means for acting directly between said object table and said balance 
ma** to position said object table in said thtee degrees of freedom; characterized in 
than 

said balance mass comprises a generally rectangular frame baring its sides) 
generally parallel to said first and second directions, and a central opening in which 
said object table is at least pardy disposed. 

With the balance mass in the form of a rectangular frame, the drives forming the 
uprights of a so-called H-drire arrangement can easily be integrated into the sides of the frame 
ensuring that the reaction forces all act directly between balance mass and driven object table. 
Also, because the driven object table sits within the central opening of the balance frame the 
distance in the Z -direction between the centers of gravity of the balance frame and the driven 
mass is reduced. 

To reduce the excursions of the balance mass, and hence the overall footprint of the 
apparatus Lc ia preferred that the balance mass is considerably mote massive, preferably at 
least five times, than die positioned object In this regard, all masses that move with the 
balance mass ore considered part of it and all masses that move with the positioned object are 
considered part of that. 

Tt should be noted that in embodiments of the invention according to either of die 
aspects described above, multiple object (mask or substrate) tables may be provided and the 
reaction forces to the drive forces of two or more tables may be directed to a common 
balance mass or masses. 

According to yet a farther aspect of the present invention there is provided a 
lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

u second object tabic for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the 
substrate; and 

a balanced positioning system capable of positioning at least on of ssid object tables in 
ar least two degrees of freedom, die positioning system comprising: 
at least one balance mass; 
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bearing means for movably supporting said balance mass; 

positioning means for positioning said object table in at hast first and second 
degrees of freedom* said first to second degrees of freedom being translations in first 
and second directions that are substantially orthogonal, said positioning means 
comprising coarse and fine positioning means and being arranged so that reaction 
forces from said positioning means axe channeled to said balance mass; characterized 
in that; 

said coarse positioning means comprises a planar electric motor having a 
translator mounted to said object table and a stator extending parallel to said first and 
second directions and mounted to said balance mass. 

The forces exerted by die planar motor will be channeled directly to the balance mass 
in the first and the second direction as opposed to an H-drive arrangement. In on H-drivc 
arrangement forces may be channeled indirectly to the balance mass, since the object table is 
driven by an X-slider over an X-beam in the Xdirection and the X-bearn and object cable are 
driven in the Y-dieection by two Y-direction linear motors with corresponding sliders 
mounted co both, ends of the X-beam. Only the beams of die Y-Lmcar motors are mounted to 
the balance mass. Forces exerted in the X-direction by the X-motor will be channeled 
indirectly via die X-beam and the Y-direction linear motors to the balance mass. When a 
planar motor is used reaction forces in both, the X-direction and the Y-direction are directly 
channeled to the balance mass. Further, 'with the stator (e.g. a magnet array) mounted to the 
balance mass, the mass of the balance mass is desirably increased co reduce its movement 
range. 

In a vacuum environment it may be advantageous to use the planar motor also to 
levitate the object table because it will be difficult to use a gas bearing to levitate the object 
table in a vacuum environment The planar motor may also be used to rotate the object table 
around a third direction being mutually orthogonal to said first and second direction, 

The magnate ieviration of the planar motor provides for a frictionlcss bearing allowing 
the balance mass to, freely move in first and second directions and rotate around the third 
direction. The balance ma»s may also be movable in die diird direction and/or rota table 
around one or both of the fin t and second directions such that it provides balancing in more 
than three degrees of freedom* Pot this purpose the balance mass may be supported by 
support!) having a low stiffness in the third direction. The balance mass may be provided with 
upstanding walls to raise the center of gravity of the balance maw to the same level in the 
third direction as the center of gravity of the object table. 
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According to * wither aspect of the invention there is provided a method of 
manufacturing a. device using a lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a First object table for holding patterning means capable of patterning the projection 
beam according to a desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onco a taiget portion of the 
substrate; the method comprising tlte steps of: 

providing a substrate provided with a radiation-sensitive layer to said second object 

table; 

providing a projection beam of radiation using an iUuminadon system; 

using patterning means to endow the projection beam with a pattern in its cross- 

acction; 

projecting the patterned beam of radiation onto target portions of said substrate; 

whetetn during or prior to said projecting step at least one of said object tables is 
moved in first to third degrees of freedom by coarse positioning means and in at least a fourth 
degree of freedom by fine positioning means and, during such movement, reaction forces in 
said fimt to third degrees of fr e ed om axe exerted on a balance mass; 

characterized by the further step of: 

channeling reaction forces in said fourth degree of freedom to said balance mass. 
In a manufacturing process using a lithographic projection apparatus according to the 
invenrion a pattern (e.g. in a mash) is imaged onto a substrate which is at least partially 
covered by a layer of radiation-sensitive material Resist). Prior to this imaging step, the 
substrate may undergo various procedures, such as priming, resist coating and a soft bake. 
After exposure, the substrate may be subjected to other procedures, such as a postexposure 
bake (PUB), development, a hard bake and measurement/inspection of the imaged features. 
Ibis array of procedures is used as a basis to pattern an individual layer of a device, e.g. an TO. 
Such a patterned layer may then undergo various processes such as etching, ion-implantation 
(doping), metallization, oxidation, chemo-mechanical polishing, etc, all intended to finish off 
an individual layer. If several layers are required, then the whole procedure or a variant 
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be 
present on the substrate (wafer). These devices ate then separated from one anodic* by a 
technique such as dicing or sawing, whence the individual devices can be mounted on a 
carrier, connected to pins, etc. Further information regarding such processes can be obtained, 
for example, from the book "Microchip Fabrication: A Practical Guide to Semiconductor 
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Proofing", Third Edition, by Pete* van Zant, McGinn; Hill Publishing Co», 1 997, ISBN 
0 07.067250-4. 

Although specific reference may be made in this cert i» die use of die apparatus 
ace* ird ing Co die invention in die manufacture of ICa, it should be explicitly understood dW 
such an apparatus has many other possible ipplicatiofia For example, it may be employed in 
the manufacture of integrated optical systems, guidance and detection patterns for magnetic 
domain memories, liquid-oystal display panels, thin-film magnetic he*de> etc Hie skilled 
ar tmn will appreciate that; in die context of such alternative applications, any use of the rertns 
"reticle", "wares" or "die" in this text should be considered as being replaced by the more 
general terms "mask", "substrate" and "target area" or "target po*non\ respectively. 

In the present document; die terms illumination radiation and illumination beam are 
used to encompass all types of electromagnetic radiation or particle flux, including, but not 
limited to, idoaviolet radio don <e,g. at a wavelength of 36Sntn, 248 nm, 193 am, 1 57nm i«- 
12<mm) t BUV, X-rays, electrons and ions. 

The invention is described below with reference to an orthogonal reference system 
bawd on X, Y and Z-axca. The Z direction may be referred to as vertical but this should not, 
unless the context demands, be taken as implying any necessary orients do a of die device. 

'1 lie present invention will be described below wich reference to exemplary 
embodiments and the accompanying schematic drawl ngs+ifearinchr 
Embodiment 1 

Mgure 1 schematically deplete a lithographic projection apparatus according co the 
invention The apparatus comprise^: 

a radiation system 1A. IL for ^ 
KUV radiation, x-rays, electrons or ions); 

a first object table (mask cable) MT provided with a mask holder for holding a mask 
MA * reticle), and connected to first positioning means for accurately positioning the 
mask with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for 
holding a substrate W fo, a rcdst-coated silicon wafer), and connected to second poddoning 
mean* for accurately positioning the substrate with respect to item PLj 

fl ^rem («W) PL ( M . a retractive or caiadioptric system, a mirror group 

or an array of field deflectors) for im*gin«; an irradiated portion of die mask MA ontoa ouget 
portion C." uf the substrate W. 

As hen: depicted, the apparatus is of a ttansmbsive type («, ha. a tatwmwwve mask). 
However, in general, it may also be of a reflecttVe type, fox example. 

[fie radiation system comprises, a source LA a Hg lamp, excimer laser, n discharge 
pkMna source, a larer-produced plasma source, an uadulator provided around the path of an 
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electron beam m a swinge ring or synchrotron, or an electron or ion beam source) which 
produces a beam of radiation. This beam is passed along various optical components 
comprised in the ilhimination system II„ - e.& beam shaping optica Ex, an integrator IN and a 
condenser CO - so that the resultant beam PB has a desired fottn and intensity distribution. 

The beam PB subsequently intercepts die tnask MA which is held in a mask holder on 
a mask cable MT. Having passed through die mask MA, the beam PB passes through the lens 

which focuses the beam PB onto a target portion C of the substrate W. Wim the aid of 
the intLtferometxic displacement measuring means IF and the second positioning means, the 
substrate table WT can be moved accurately, ao as to position different target portions C in 
the path of die beam PB. Similarly, the first positioning means can be used to accurately 
position the mask MA with respect to the path of die beam PB, c# after mechanical retrieval 
of the mask MA from a mask library. In general, movement of the object tables MT. WT can 
be realized with die aid of a long stroke module (course positioning) and a short stroke 
module (fine positioning), which are not explicitly depicted in Figure 1. 

The depicted apparatus can be used in two different modes: 
I In step mode, the mask table MT is kept essentially stationary, and an entire mask 
image is projected in one go (U a single "flash") onto a target portion C. The substrate table 
WT is then shifted in the X and/or Y directions so that a different target portion C can be 
irradiated by the beam PB; 

2. In scan mode, essentially the same scenario applies, except that a given target portion 
f : is not exposed in a single "flash". Instead, the mask table MT is movable in a given direction 
(the so-called "scan direction", t.g. the Y direction) with a speed * so that the projection beam 
PB is caused to scan over a mask image; concursendy, the substrate able WT is 
simultaneously moved in the same or opposite direction at a speed V= Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 1 /5). In this manner, a relatively large 
tatger portion C can be exposed, without having to compromise on resolution. 

'Ihc apparatus also includes a base Same BP (also referred to as a base plate or 
machine frame) to support the components of the apparatus, and a reference frame RF, 
mechanically isolated from the base frame BP to support the projection system PL and 
position sensors such as die interferometric displacement measuring means IF. 

figure 2 shows a balance system according to a first embodiment of die invention, 
which is used in a wafer stage comprising substrate table WT. of the lithographic apparatus to 
provide balancing in three degrees of freedom. The arrangement described below may also be 
used, with suitable modification, in a reticle stage, comprising mask table Ml', of a Uthographic 
apparatus. 
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'ITie balancing system of the first embodiment comprises a balance frame 2 (balance 
mass) which is supported by substantially frictionless bearings 3 so as to be moveable over si 
guide surface 4 ptxmded on the machine base frame. The frictionless bearings 3 may be 
aerostatic bearings or hydrostatic ox magnetic barings, for example. Alternatively, if the 
required mnge of movement is relatively small, elastic guiding systems such as flexures or 
parallel leaf springs can be used. The arrangement may also be reversed - ie. the bearings 
provided in the machine frame and acting against a guide surface on the underside of the 
Imlance frame. The guide surface 4 b parallel to the XY plane defined for the apparatus and 
the balance frame 2 is free to translate in the X and Y directions and to rotate (Rz) about axes 
parallel to the Z direction. 

'lhe positioning system 10, shown in Figure 3, is placed within or upon the balancing 
frame 2 and has relatively large ranges of movement in the X and V directions. It is important 
that the center of mass of the positioning system 10 be as close as possible in the Z direction 
h> the center of mass of the balance frame 2. In particular, it is preferred diac the vertical 
separation of the two centers of mass is substantially less than 100 mm and ideally zero. 

Mastic posts or buffets 5 limit the movement of the balance frame 2 to prevent it 
leaving the guide surface 4- 

"the positioning system is arranged such that the reaction forces acting in opposition 
to i he drivu forces exerted on the driven object are transmitted to the balance frame via 
mechanical or electromagnetic connections. These connections are positioned in or close m 
the XY plane containing the center of mass of the combined system of balance frame 2 and 
positioning system 10. The connections may, for example, be aerostatic beatings with bearing 
outface* perpendicular to the XY plane or electromagnetic linear actuators with* for example, 
magnets attached to the balance frame 2 and coifc or armatures attached to rhe positioning 
Kyxrcm, such that the fine of action of the electromagnetic forces lies in die same XY plane as 
the combined center of mass, 

Figure 3 shows such an arrangement where the positioning system 10 is a so-called H- 
drivc, The H -drive 10 comprises an X-bearn 1 1 mounted at or near its ends to respective 
sliders 12a, 12b. Sliders 12a, 12b carry armatures of linear motors that act in concert with 
elongate magnet tracks 13a, 13b, which are mounted in the long sides 2a, 2b of rectangular 
balance frame 2, to translate X-be&m 11 in the Y direction. The object to be positioned, in this 
cane wafer table WT, is driven in the XY plane by a further slider 14 which is mounted on X- 
beam 1 1 . Slider 1 4, similarly to sliders 12a, 12b, carries the armature of a linear motor to act 
against a magnet crack 15 mounted in X-beam 11 to translate slider 14 along the X-beam and 
hence position ttafer table WT in the X direction. Independent control of die positions of 
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aliders 12a, 12b allows die angle between X-beam 1 1 and the balancing frame to be varied and 
hence the Rs (rotation about the Z axis) position of the wafer cable WT to be controlled 
within a certain range to compensate fot any yaw movements of die balancing frame. Ir will be 
appreciated that, for this reason and also due to distortion of the balance frame caused by 
ahear components in the resultant force on tho balance frame, the X and Y directions in which 
the drivers exert forces will not always be exactly orthogonal. By diis arrangement; the 
reaction forces in the Y and Rz directions ate transferred direcdy to die balance frame 2. 
Sliders 12a, 12b also carry air bearings 16a, 16b which act against upstanding walk 21a, 2tb 
provided on die balance frame 2 to transmit reaction forces in the X direction to balance 
frame Z Instead of a pair of thrust bearings 16a, 16b to transmit the X direction forces, a 
single pre loaded bearing or an opposed pad bearing, for example, may be used on one of the 
two sides and is often preferred as it avoids difficulties with cosine foreshortening when the 
X-beam 1 1 is not perpendicular to the balance frame 2. 

A* illustrated, die positioning system is supported in rfv* Z direction and against Rx, 
Ry rotations by the balance frame. This function can also be performed by the guide surface 4 
for die whole or a part of the positioning system (e.g. die wafer table WT) y by a separate 
surface or surfaces fixed relative to the base frame, or by a combination of the above. 

If so-called planar motors are used, reaction forces in the X and Y directions ate 
transmitted to die balance frame via a magnet (or coil) plate in the XY plane. The magnet (or 
coil) plate may form part of the balance frame in the XY plane, and so desirably increase its 
mass to reduce its movement range. Again, die magnet (or coil) plate may be supported in Y H 
Rx and Ry directions by a second balance mass or by separate means, such as fttctionless 
bearings, over the machine base. 

The drive forces exerted on the driven object, in this case the wafer table WT, give rise 
to ctjual and opposite reaction forces which, according to the invention, are exerted on the 
balance frame (balance mass). From Newton's laws, it will be seen that die ratio of the 
displacements of the driven object and the balance mass is inversely proportional to their mass 
ratio, U.i - 
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where jq is Ac displacement of mass i active to the common center of gravity and m, 
w the mass „f mass i In this cornet it should bo noted that the balance ma 55 ratio may vary 
according to A. direction in which displacement occurs. In rhe present embodiment, the X- 
bcam 11 and Y-sIidera 12a, 12b move with me wafer .able WT far displacements in the Y 
direction whereas the wafer table moves relative to the X-beam 1 1 for displacomentt in the X- 
direcdoa Thus me driven mass for displacements in the Y-direction is the combined mass of 
the wafer table WT, X-slider 14, X-beam 1 1 aftd Y-alidct* 12a. 12b. On the odier hand, for 
displacements in the X-dirccrion, the driven mass is only the mass of me wafer table WT and 
X-slider 1 4; me X-beam and Y-sIidcrs instead form part of the balance mass. Since the X- 
bem and Y-rfide* have a similar mass to the wafer table WT and X-slide 1 4. this can make a 
significant difference to the balance mass ratio. 

By making the balance frame 5 to 20 times more massive man the combined moving 
mass of the positioning system, the motion ranges of the balance frame can be restrained and 
the overall footprint of die balancing system confined as desired. 

If. during positioning, rhe center of mass of the balance frame is not in line with the 
center of mass of one of the positioning devices in the X or Y forces in that 

direction may cause yaw motion of the balance frame. In some cases, ^ circular motion of 
the driven object around a point offset from the center of mass of the balance frame, yaw 
motions can be caused that cumulate over time rather than cancel. To prevent excessive yaw 
morion, a negative feedback servo system is provided. This control system is also adapted t« 
correct long-term cumulative translations (drift) of die balance frame that might arise from 
such factors as: cabling to the positioning devices, misalignment of the positioning drives, 
minute friction in die bearings 3, eta As an alternative to the active drift control system 
described bekiw, a passive system, e# based on low-sufmeas springs, may for example be 



used 



Mgure 4 shows the control loop of a servo system 30 as referred to above. The X, Y 
and Ry. setpoints of the balance mass with respect to the machine frame are supplied to the 
ptwirive input of subtracter 31. whose output is passed to the servo controller 32. The servo 
controller controls a thtee-degtee-of-freedom actuator system 33, which applies the necessary 
corrections to the balance frame 2. Feedback to the negative input of subtracter 31 is 
provided by one or more midtiplc-degrec-of-freedom measurement systems 34 which measure 
the potion of the balance frame and driven mass. The positions of both balance frame and 
driven mass may be measured relative to a fixed frame of reference. Alternatively, d*e position 
of one, e# the balance mass, may be measured relative to the reference frame and the position 
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of the driven mass measured relative to the balance mass. In the latter case the relative 
position data can be transformed to absolute position daw either in software or by hardware. 

'Vhc set points of the servo system 30 are determined so as to ensure that the 
combined cento; of mass of the positioning device® and balance fame 2 remains unchanged 
iii the XY plane. This defines the condition: 

mi. it, (t) + m 2 » w a (t) - mi. ^ (0) + ma.i£ (0) [2] 
where u t (t) is the vector displacement of mass i in the X-Y plane at time r relative to a fixed 
reference point The exror signal between the calculated (using equation [2]) and measured 
positions is provided to die actuation system 33, which applies appropriate correction forces 
to the balance frame 2. Hie lowest resonance mode of the balancing frame and/or machine 
base Is at least a foctor of five higher than the servo bandwidth of the drift control system. 

To minimize cumulative yaw motions of the balancing &ame f die control mode is 
configured with a low servo bandwidth but a fixed setpoint (e.& zero yaw). Similar to a passive 
(*# spring) drift control, die servo bandwidth for yaw serves as a low-pass filter to minimise 
transient moments on the machine base about the yaw axis. In other words, only reaction 
forces to correct long-term (low frequency) movements are transmitted to che bale frame. 

I igure 5 shows a drift control actuation system 33a according to a flrsi variation r >f the 
FttHt embodiment. This system comprises three Lorentz(force)-type linear motors fog, voice 
coil motors, ironless multi-phase linear motors, etc.) 331, 332, 333. Two of these motors 33 1, 
332 act in one direction, the X direction, and are spaced apart widely in the other, i& Y. 
The third motor 333 acts in the other direction, t.g, Y, and through or near to the combined 
center of mass of the balancing frame. The drivers are preferably Lorentz force motors having 
a magnet plate or coil elongate in the direction perpendicular to the direction in which they act 
no thaL they can exert a force in the given direction irrespective of the position of the balance 
frame 2 in the perpendicular direction. 

The lbove arrangement, using three drivers, is advantageous as being the simplest 
possible arrangement, but if the balance frame 2 is an open rectangle with limited resistance to 
shear, four motors may be used, each acting along or close to the neutral axis of one side 
member of the frame, dicrcby to minimize bending of the frame members. Such an 
arrangement is shown in Figure 6. Here, four drivers 334a, 334b, 334c, 334d are used - one at 
each corner* arranged to exert force parallel to and in line wirfi a respective one of the four 
beams 2a, 2b, 2c, 2d, Each of the four drivers can be, as before, Lorencz type linear motors. A 
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furthet alternative is to use two planar motors, each exacting forces in the X and Y directions, 
to provide combined control inX, Y and R*. 

A n alternative form of driver 334 is shown in Figure 7, which is a side view, and 
figure 8 f which is a sectional view along line H in Figure 7. Driver 334 consists of a rotary 
I <orentz motor 33S (such as en ironless moving coil motor, a DC or AC bruahless motor, etc.) 
mounted on the base or machine frame BP and connected to the balance frame 2 by a rotary- 
linear motion transformer 336. The rotary-linear motion transformer 336 comprises a disc 
336a attached rigidly to the drive shaft 335a of the motor 335 and having an eccentrically 
mounted pin 336b. Pin 336b forms an axle for two wheels 336c, 336d which engage a 
coupling frame 336e mounted on the balance frame 2. Coupling frame 336e is elongace 
perpendicular to the direction of action of the force to be exerted on the balance frame and 
generally C -shaped in cross-section. It surrounds the wheels 336c, 336d so that each engages a 
respective one of opposed bearing surfaces 336g, 336f. Bearing surface 336f feces towards 
balance frame 2 and bearing surface 336g faces away. Thereby, if motor 335 is eneqgbed to 
rt Hate disc 336a dodewisa in Figure 8, wheel 336c will be caused to bear on surface 336g and 
exert a leftwards push force on balance frame 2. Similar ly anticlockwise rotation of disc 336a 
would exett a pull force rightwards on balance frame 2, 

Rotary -linear motion transformer 336 is arranged to be substantially friction free and 
reversible with no play so that drift actuation control can be carried out in a force mode rather 
than a position mode. The position of balance frame 2 can additionally be measured via rotary 
encoders (not shown) provided on disc 336a. 

A further alternative drift control system is illustrated in Figure 9, which is a plan view 
of the balance frame 2, and Figure 10, which is an enlarged view of one of die drive 
mechanisms 337 used in this alternative. Drive mechanism 337 is a so-called "double scara 
mechanism 11 which consists of two crank-con'rod mechanisms connected to a common pivot 
point Kach crahk-con'rod mechanism consists of a crank 337a driven by a Lorentz-iype 
torque motor 337b and a con'rod 337c connecting the end of crank 337a to common pivot 
point 337d. Torque motor 337b is mounted on the base frame BP and its drive shaft fixed 
against translation so that reaction forces are transferred to the base frame BP, 

The drift actuation system of Figures 9 and 10 is over-determined since only three 
drives are sufficient to control the balance frame in three degrees of freedom but the 
additional motor provides the same benefits as that of the arrangement of Figure 6. 

The position and orientation of the balance frame 2 can be determined from the crank 
anglcN, which may be measured by rotary encoders provided on the drive shafts of motors 
337b. In the servo control systom, two coordinate transforms ate provided: one to convert 



(36) 320 02-1 598 5 (P2 00 2- 1%A) 

information of the angular position of the cranks 337a to X, Y, Rz coordinates of die position 
of the balance mass 2; and one to convert the forces determined by the controller 33 into 
torques for the drive motors 337b. 

As mentioned, the above-described drift control arrangements may include linear or 
rotary position sensors incorporated into the linear ot rotary drive mechanisms. Alternatively 
an independent position measuring system, a grid encoder or a 2-dimenaional position 
sensing detector, may be employed. Such a system may have multiple outputs which can be 
transformed into X, Y and Rs coordinate or may provide independent measurement of the 
XY positions of mo points on die balancing frame, preferably diagonally opposite comets. 
Such a positioning mechanism may measure the position of the balance frame 2 relative to the 
base frame or, in ultra-precision machines, to a vibration-isolated metrology frame, 

To prevent die balance frame 2 &om drifting out of range, in die event of an error 
situation, a stroke limiting device may be provided between the balancing frame and the base 
frame. An example of such a device is shown in Figure 11 which is a view showing a cross- 
section through the lower part of the balancing frame 2. In this device, three pins 40 projeer 
upwardly from the bearing surface 4 of the base frame BP and engage open-ended slots 41 in 
the balance frame 2. The slots 41 and pins 40 are sized and arranged to confine movement of 
the balance frame 2 to a predefined envelope in X. Y and ftz, The pins 40 may be resilient or 
spring-loaded to cushion any shock to the balance frame 2 in the event of a crash. The stroke 
limiting device may be Jdnematically inverted, with pins projecting from die balance frame 2 
engaging in slots on the base frame BP, 

If it b nor possible to arrange that the centers of mass of the positioning devices And 
the balance frame 2> as well as the driving forces of the various actuators, lie in the same XY 
plane, driving forces acting at the offset will cause tilting moments Tx, Ty, ie. moments 
tending to rotate the balance frame 2 and the positioning devices around the X and Y axes. Tf 
rhc balance frame 2 is supported in the 2, Rx and Kj directions \rith iclarivcly high stiffness 
tilling moments Tx, Ty will be transmitted to the base frame BP and cause vibrations there. 
Also, although coarse positioning is usually only performed in the X, Y and Rz directions, fine 
positioning actuators included in substrate table WT Cor the moveable object are commonly 
capable of positioning in all six degrees of freedom. The reaction forces from motions of die 
fine positioning system in Z, Ry, Rx, as well as the odicr degrees of freedom, can also cause 
vibrations if transmitted to die base frame BR 

Accordingly, the balance frame 2 is supported in die Z, Rx and Ry directions widi lc>\v 
ariffness supports, comprised in bearings 3, Such supports may be low-stiffhess Ericrionless 
bearings or elastic or gas springs in combination with firicdonlese bearings. Large-gap air 
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bearings may also be used As with the use of passive components co coated drift in X, Y and 
Rz directions, the spring constants are chosen so that die Eigen-frequeney of the balance 
frame maaa-apring system is substantially lower, v& by a factor of 5 to 10, than the lowest 
fundamental frequency of the motion of the positioning devices. Should the wafer table WT 
be supported in Z, Rx, Ry by the guiding surface 4 on the base frame rather than on the 
balance frame, the base foymc member providing guiding surface 4 can be treated as a second 
balance mass for Z, Rx and Ry and be passively supported as described. 

Embodiment 2 

The substrate stage, comprising substrate table WT, of a second embodiment of the 
invention, which may be the same as the first embodiment save as described below, is shown 
in Figure 12. 

Tn the second embodiment, the balance mass 406 takes the form of an open box with 
a flat interior base 407, forming a guide surface for the wafer table WT, and upstanding side 
walls 40H serving to raise the center of gravity of the balance mass 406. The subattate table 
WT includes a fine positioning mechanism 417 operating in 6 degrees of freedom for the 
substrate W and a so-called air-foot forming a substantially fricriooless bearing allowing the 
substrate tabic WT to be moved over the guide surface 407- 

Movement of the substrate table WT is effected by die coarse positioning mechanism. 
This includes X-beatn 415 relative to which the substrate cable WT is driven by an X-driver 
(nor sihown) which has at its ends sliders 41 1 which include the translators of V-direction 
linear motors to drive the X-beam, and hence the substrate table WT, in the Y direction and 
by applying different forces to the opposite ends of die X-4aeam in R*. The statots 409 of the 
Y-direction linear motors are provided in shoulders of the balance mass 406. Y-direction and 
K reaction forces from movement of the substrate table are thus directly applied to the 
balance mass 406. X-direction reaction forces are transferred to the balance mass 406 via 
hearings between the slides 41 1 and the sidewalk 408 of the balance mass 406. 

Because the subsnate table WT is guided over die base 407 of the balance mass 406, 
'Ay R> and R« reaction forces from die corresponding movements of the substrate WT by die 
fine positioning mechanism 417, are also transmitted direcdy to die balance mass 406. Any 
tilting movements T*, Ty arising from imperfect adjustment of the centers of gravity of the 
substrate table WT and balance mass 406 as well as the lines of force exetted by the X- and Y- 
driven, arc also transmitted to the balance mass 406 via the air-pot 419 and the stiffness of the 
Y linear motors. 
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To enable the balance mass 406 to absorb the reaction forces in all six degrees of 
freedom it must be free to move in all six degrees of freedom. This is achieved by supporting 
it from the base frame BP by a plurality of supports 403, which have a low stiffness in the 7. 
direction, and substantially rnctioolcss beatings 405, which bearon the lower surface of 
balance mass 405. The lower surface of balance mass 406 is flat, or has flat regions of 
sufficient size to accommodate the maximum expected or allowed range of movemenr of 
balance mass 406. Since the balance mass 406 is much, ej. 5 ro 10 times, heavier than the 
substrate table WT, the range of movement of the balance mass 406 will be much less than 
the range of movement of the substrate table WT. 

(-embodiment 3 

figure 13 depicts me substrate stage, comprising substrate table WT. of a third 
embodiment of the invention, which may be the same as the Erst or second embodiments 
described above. 

In the third embodiment, the balance mass is divided into two parts 506, 507. The first 
balance mass put 506 comprises a rectangular frame surrounding the substrate table WT. 
Opposite sides of the first balance mass part 506 have mounted thereon the state*. the 
magnet track, of the Y-direcrion linear motors. The translators, eg. coils, of the Y-direcrion 
linear motors, are mounted in sliders 511 at the ends of X-beam 5t5, The X-beam include* 
the atator of X-Unear motor and the translator is mounted to the substrate table WT. Y- and 
R,.-reaction forces from the Y linear motor, which forms rhe coarse positioning mechanism 
together with the X-linear motor, am transmitted directly to die first balance mass part 506 
and the X-reaction forces ate transmitted via thrust bearings foot shown). To absorb the X- 
and Y-reaerion forces, the first balance mass part 506 is supported by substantially fricrionless 
bearings. e.£. air bearings, 505 allowing it to move in X, Y and R». 

Second balance mass part 507 takes the form of a plate and is disposed underneath the 
substrate table WT. Its upper surface 508 is fiat and forms a guide surface over which rhe 
sul^mue table WT is borne by air foot 519. In mis way, any reaction forces in Z, R„ and R, 
from movements of the wafer W by fine positioning mechanism 51 7 are transmitted to 
second balance mass part 507. which is supported from die base frame BP by a plurality of 
support* 503 having alow stififness in the Z-chtection. These supports may be, for exemple, 
mechanical or gas springs. 



I Embodiment 4 
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A fourth embodiment of the invention is a modification of the second embodiment 
for use in a vacuum. The substrate stage, including substrate table WT, is shown In Figure 14. 

An in the second embodiment, the balance 606 takes the form of an open box. In this 
embodiment, the base of the box Includes the stacor 627, c\£ magnet array, of a planar motor 
whose translator 635 is mounted to the wafer cable WT, More information on a planar motor 
can be gleaned from United States Patent 5, 886, 432. which is incorporated herein by 
reference. As before, upstanding walls 625 serve to raise die center of gravity of the balance 
mans 606 Do the same horizontal plane as that of the substrate table WT. The planar motor 
627, 635 may be arranged to levitate as well as translate die substrate table or additional 
bearings can be provided Reaction forces ficom the X, Y and possibly, Rz translations of the 
planar motor are channeled to the balance mass 606. 

I Embodiment 5 

A fifth embodiment of tfhe invention is a modification of the fourth embodiment as 
shown in Mgure IS. As in the fourth embodiment the substrate table WT is movable in the 
plane of the stator 627 of the planar motor (Le. the X and Y direction). Reaction forces from 
the X, Y and R* movements of the coarse positioning mechanism (planar motor) are 
tranHmitted directly to the balance mass 606. Reaction forces in all degrees of freedom for the 
fine position mechanism 617 ate transmitted through the stiffness of the planar motor or 
additional bearings provided for the substrate table to the balance mass 606. Tlie balance mass 
is mounted on bearings 60S and low-sriffaess supports 603 in the same way as die second 
embodiment 

Whilsr we have described above specific embodiments of the invention, it will be 
appreciated that the invention may be practiced otherwise than described. The description is 
not intended to limit the invention. In particular it will be appreciated that die invention may 
be used in the reticle ox mask stage of a lithographic apparatus and in any other type of 
apparatus where fast and accurate positioning of an object in a plane is desirable. 
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4 Brief Description Of Drawings 

Figure 1 depicts a lithographic projection apparatus according to a first embodiment 
ftf the invention; 

Figure 2 is a plan view of a balance mass of die present invention in die substrate stage 
off the apparatus of Figure lj 

Figure 3 is a view similar to Figure 2 but additionally showing the drive arrangement 
for die substrata table; 

Figure 4 is a diagram of the servo system of the balance system of Figure 2; 

Figure 5 is a plan view of the drift control arrangement of a first variation of the 
balance system of die first embodiment; 

I ''igure 6 is a plan view of die drift control atrangtsmcnt of a second variation of the 
Mance system of the first embodiment; 

Figure 7 is an enlarged side view of a drivel; of the drift control arrangement of Figure 

6: 

1 * igure 8 is a cross-sectional view of the driver along line I-I o f Figure 7; 

Figure 9 is a plan view of the drift control arrangement of a third variation of the 
balance system of the first embodiment; 

Figure 10 is an enlarged plan view of a driver of the drift control arrangement of 
Figure 9; 

Figure 1 1 is a plan view of a fourth variation of the fust embodiment, showing stroke 
limitcrs; 

Figure 12 is a cross-sectional view of a substrate stage of a second embodiment of the* 
invention; 

Figure 1 3 is a cross-sectional view of a substrate stage of a third embodiment of the 
invention; and 

Figure 1 4 is a cross-sectional view of a substrate stage of a fourth embodiment of the 
invention. 

Figure 1 5 is a ctoss-aoetiona] view of a substrate stage of a fifth embodiment of die 
invention. 

In the drawings, like references indicate Eke parts* 
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Fig, 13 
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1 Abstract 

A balanced positioning apparatus comprises a balance mass which is supported so as 
ro be moveable in the three degrees of freedom, such as X and Y translations and rotation 
about rhc Z-axis. Drhre forces in these degrees of freedom act directly between die 
positioning body and the balance mass. Reaction forces arising from positioning movemcms 
result in corresponding movement of the balance mass and all reaction forces are kept within 
the balanced positioning system. The balance mass may be a rectangular balance frame having 
the stfltors of two linear motors forming die uprights of an H-drive mounted on opposite 
sides. The cross-piece of the H-drtve spans the fbtfne and the positioned object is positioned 
within the central opening of the frame. 



2 Representative Drawing 
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